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Introduction was sparked by the finding of stool positive for C. 
difficile in two infants whose mortality was linked to  Clostridium difficile is a spore-forming, obligate 
sudden  infant  death  syndrome  (SIDS),  showed  anaerobic,  Gram  positive  bacillus  and  is  usually 
significantly greater colonization in newborns fed on  acquired either from the environment or via the fecal-
formula (71%) than in breast-fed infants (7%) [9]. oral  route.  In  particular,  the  toxins A  and  B  of  C. 
Food animals were found to harbor C. difficile  difficile are responsible for causing intestinal disease. 
[10]. Moreover, it is transmitted from person to person  C. difficile is the most common cause of antimicrobial-
via  the  fecal-oral  route  [11]  and  humans  act  as  its  associated diarrhea and is also a common health care-
natural reservoirs [12]. associated pathogen. Clinical symptoms vary widely, 
Owing to the incrimination of C. difficile in SIDS  from asymptomatic colonization to pseudomembranous 
and  because  of  very  little  information  about  its  colitis  with  bloody  diarrhea,  fever,  and  severe 
occurrence in the food, this study was aimed to detect  abdominal  pain  [1]. Although  the  disease  was  first 
whether toxigenic C. difficile occur in powdered infant  described in 1893, the etiologic agent was not isolated 
and follow-up formulae. and identified until 1978 when the pseudomembranous 
colitis  was  first  described  as  a  complication  of  C.  Materials and Methods
difficile infection [2]. In rare cases colitis can progress 
The present study was carried out during April  to toxic megacolon, which can be life-threatening and 
2008-January  2010  in  the  Department  of  Food  may lead to colonic perforation, sepsis and even death 
Hygiene,  Faculty  of  Veterinary  Medicine,  Assiut  [3, 4].
University, Assiut, Egypt. Toxin expression is the major pathomechanism in 
C. difficile-associated diseases [5]. Toxin A acts as an  Collection of samples: A total of 100 random samples 
enterotoxin leading to diarrhoea and inflammation of  of  powdered  infant  formula  (PIF)  and  follow-up 
the colon; whereas toxin B produces cytotoxic effects  formula  (FUF),  50  samples  each,  from  different 
via cell membranes [6]. companies and different batches were collected from 
In  early  infancy,  asymptomatic  carriage  of  C.  pharmacies  and  supermarkets  in Assiut  city.  These 
difficile in the digestive tract is very common [7]. Many  samples  were  transferred  to  the  laboratory  in  their 
infants are colonized by toxigenic or non-toxigenic  packages for further examination.
strains during the first two years of their life [8]. A study 
Isolation of C. difficile [13]
Enrichment of the samples: Margins of the can lids, 
scissors used for opening foil packages and spoons 
used for sampling were all properly sterilized prior to 
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Abstract
Aim: To examine powdered infant formula (PIF) and follow-up formula (FUF) for the presence of toxigenic Clostridium 
difficile.
Materials and Methods: A total of 100 random samples of PIF and FUF, 50 samples each, from various pharmacies and 
supermarkets located in Assiut city were collected during 2008-2010.
Results: Our results show that 16 out of 100 (16%) examined samples of PIF and FUF were contaminated with C. difficile; 4 
(8%) and 12 (24%) of the examined PIF and FUF samples tested positive for C. difficile, respectively. Only two (16.67%) 
isolates of C. difficile from the examined FUF were toxigenic, while the isolates from the PIF samples were not toxigenic.   
Conclusions: The presence of C. difficile in PIF and FUF samples suggests that there is a high potential for the transmission of 
C. difficile through these products. Thus, proper preparation and handling of these products is required to reduce the risk of the 
illnesses arising due to C. difficile.
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Results and Discussion withdrawing the samples.
Five grams of each sample were added to 20 ml of  PIF  is  a  breast-milk  substitute  specially 
C. difficile broth (CDB). The composition of CDB (per  manufactured  to  satisfy,  by  itself,  the  nutritional 
litre  of  medium)  was  proteose  peptone  (40.0g),  requirements of infants during the first few months of 
disodium  hydrogen  phosphate  (5.0g),  potassium  their  life  up  to  the  introduction  of  appropriate 
dihydrogen  phosphate  (1.0g),  magnesium  sulphate  complementary  feeding  [17].  FUF  are  defined  as   
(0.1g), sodium chloride (2.0g), fructose (6.0g), sodium  foods that are intended for use as  liquid components of 
taurocholate (1.0g), defibrinated horse blood (Oxoid  th the  weaning  diets  for  infants  from  the  6   month  SR50)  (50ml)  and  C.  difficile  selective  supplement  onwards and for young children [18]. Similar to PIF,  (Oxoid SR96) (2vials). TWEEN 80 was added to the  FUF are non-sterile products. Thus, they may contain  enrichment broth to improve the recovery of C. difficile  bacteria that can cause serious illnesses in infants.  [14]. CDB was incubated for 7 days at 37 °C under  C. difficile is a bacterium of ubiquitous nature  anaerobic conditions. whose  spore  producing  ability  renders  it  highly 
resistant  to  environmental  and  food  production- Selective plating: A loopful from the cultured broth 
associated stresses [19]. Recent studies have isolated  was streaked onto Clostridium difficile agar media 
C.  difficile  from  retail  foods  intended  for  human  (Oxoid,  CM  601)  supplemented  with  cefoxitin  and 
consumption in Canada [13, 20], USA [21] and Europe  cycloserine (Oxoid C. difficile selective supplement, 
[14,22].  These  findings  support  concerns  about  SR96) and 7% defibrinated horse blood (Oxoid, Sr50). 
foodborne  acquisition  of  this  pathogen  through  The plates were incubated anaerobically for 48 h at 
consumption or handling of the contaminated products  37 °C. 
[23]. However, until now there are no documented 
Identification of C. difficile [15]: Identification of C.  cases of C. difficile infections that resulted from eating  difficile was by their colonial morphological criteria,  food containing this bacterium [24]. Gram staining properties and odour. Colonies with a  The results in Table-1 show that 4 (8%) out of 50  typical morphology (grey, flat, dry, spreading colonies)  examined PIF samples were positive for C. difficile,  and/or  a  'horse  barn'  odour  were  considered  as  while, the prevalence of this organism in the examined  suspicious for C. difficile. Suspected colonies were  FUF samples was 12 (24%) out of 50 samples. The  then subcultured on tryptone soya agar slopes (Oxoid  summarized results in Table 1 indicate that 16 out of  CM 131) for further identification and toxin detection.  100 (16%) examined samples of PIF and FUF were  Then isolates were tested for the common antigen of C.  contaminated  with  C.  difficile.  The  presence  of  C.  difficile using a latex agglutination test (C. difficile  difficile  in  PIF  and  FUF  could  result  from  Agglutination Test Kit; Oxoid DR1107A, Basingstoke,  environmental contamination or during handling. UK). Toxin studies have long been recommended for 
the diagnosis C. difficile which is the major cause of  Detection of toxigenic C. difficile [16]: The isolates 
nosocomial diarrhea [25] and is the primary pathogen  that turned positive with latex agglutination technique 
responsible  for  pseudomembranous  colitis.  were tested for the detection of C. difficile Toxin A 
Specifically, the rates of carriage of C. difficile and its  and/or B using a rapid in vitro immunochromatographic 
toxins are high (50% or more) in neonates [26]. test (Remel Xpect C. difficile Toxin A/B test kit; Oxoid 
Results  summarized  in  Table-2  reveal  that  2  R24650). The  test  was  performed  according  to  the 
(16.67%) strains of the isolated C. difficile from the  manufacturer's instructions. We dispensed 0.1 ml of 
examined  FUF  were  toxin  positive;  however,  the  broth culture of suspected C. difficile into a dilution   
isolated strains of C. difficile from the examined PIF  tube,  added  5  drops  of  conjugate  reagent  1  and 
samples were toxin negative. conjugate reagent 2 to the dilution tube containing the 
Studies comparing human and animal C. difficile  broth  culture,  mixed  the  contents  of  the  tube   
isolates  (including  isolates  from  foods  of  animal  thoroughly  and  dispensed  0.2  ml  from  the  diluted 
origin) suggest that animal reservoirs and transmission  mixture into the circular sample well of the test device. 
via foods of animal origin are the most likely sources  We read and recorded the test results visually after 20 
for human illnesses [27].  min. A positive result (presence of toxin A and/or B) is 
It is interesting to note that majority of cases of C.  indicated by two black–colored lines of any intensity,  difficile  infection  have  been  attributed  to  the  one in the TEST region and one in the control (CTRL)  occurrence of toxigenic strains. Studies showed that  region. toxigenic strains are virulent and even if they do not 
Examined samples No. of examined  Positive samples
samples No. %
Powdered infant formula 4 0 0
Follow-up formula 12 2 16.67
Total 16 2 12.5
Table-1. Prevalence of C. difficile in powdered infant and 
follow-up formulae
Examined samples No. of examined  Positive samples
samples No. %
Powdered infant formula 50 4 8
Follow-up formula 50 12 24
Total 100 16 16
Table-2.  Toxigenic  type  characterization  of  C.  difficile 
isolatesAvailable at www.veterinaryworld.org/Vol.6/Nov-2013/6.pdf
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